Abstract. Lung cancer is the leading cause of cancer-associated mortality worldwide. The aim of the present study was to identify the differentially expressed genes (DEGs) and enriched pathways in lung cancer by bioinformatics analysis, and to provide potential targets for diagnosis and treatment.
Introduction
Lung cancer is one of the most frequent malignancies worldwide and is the most common cause of global cancer-associated mortality, with over a million succumbing each year (1) . Global mortality from lung cancer increased from 3.5 million in 1990 to 4.2 million in 2015 (2) and it is estimated that there will be 2.1 million new lung cancer cases and 1.8 million deaths in 2018, representing close to 1 in 5 (18.4%) cases of cancer-associated mortality (3) . The five-year survival rate for lung cancer patients is very low. This may be attributed to the lack of effective therapeutic methods and the difficulty in early diagnosis for lung cancer (4) . Lung cancer is considered to be a heterogeneous disease and a number of factors including genetic mutations, environmental factors and individual habits can contribute to cancer occurrence, progression and metastasis (5) . A number of genes and cellular pathways have been reported to participate in these processes (6, 7) . Thus, understanding the precise molecular mechanisms underlying lung cancer progression is important for the development of diagnostic and therapeutic strategies.
Microarray has increasingly become a promising tool in studying medical oncology (8) . A previous study on gene expression profiling in cancer used microarray technology (9) , but only a few of these studies have been conducted on lung cancer (10) . In addition, comparative analysis of the differentially expressed genes (DEGs) remains relatively limited (10) , and a reliable biomarker profile discriminating cancer from normal tissues remains to be identified. The expression changes of genes in the development and progression of lung cancer require further analysis. In addition, the interactions among the identified DEGs, particularly the important signaling pathways and the interaction networks, should be elucidated.
In the present study, original data (GSE19804) were downloaded from Gene Expression Omnibus (GEO; www. ncbi.nlm.nih.gov/geo), which is a hub for the archiving of microarray data and their retrieval. Following the elimination of mismatched chips, the DEGs between lung cancer tissues and normal tissues were identified by comparing gene expression profiles. Subsequently, the DEGs were screened using Gene-Spring software for Gene Ontology (GO) and pathway enrichment analysis. By investigating their hub nodes and modules using a protein-protein interaction (PPI) network, the present study aimed to further understand the molecular mechanisms for lung cancer development and to identify potential candidate biomarkers for diagnosis, therapeutic targets and prognosis. At the same time, the present study focused on Toll-like receptor (TLR) pathways, which exert important immune regulatory functions and have been implicated in tumor progression (11, 12) .
Identification of differentially expressed genes and enriched pathways in lung cancer using bioinformatics analysis

Materials and methods
Microarray data. The gene expression profile GSE19804, a comprehensive analysis of the molecular signature of non-smoking patients with non-small cell lung cancer (NSCLC), were obtained from the GEO database. The majority of the tumors were adenocarcinomas (93%), and 78% of the samples were in stage I or II. Gene expression profile analysis was performed based on the GPL570 platform (HG-U133-Plus-2; Affymetrix Human Genome U133 Plus 2.0 Array) by Lu et al (13) and then subjected to bioinformatics analysis. There were 120 chips in this dataset. Following quality control by signal strength distribution normalization, correlation analysis and principal component analysis in Agilent Gene-Spring GX v.11.5 (14) , the mismatched ones were eliminated and the remaining 31 pairs of cancerous and normal tissues were used for subsequent analysis.
Identification of DEGs.
The raw data used for the analysis were pre-processed using the Affy package (version 1.48.0; bioconductor.org/packages/release/bioc/html/affy.html) in R language (15) . Hierarchical clustering analysis was applied to categorize the data into two groups of different expression patterns. Significance analysis by Student's t-test and fold-change (FC) in the expression of genes between each pair of cancerous and normal tissues were jointly used to identify DEGs. Then, the Benjamini and Hochberg method (16) GO term enrichment analysis. To investigate the function of the DEGs, GO term enrichment analysis was conducted with the online software DAVID. In general, the DEGs were significantly enriched in biological processes (BP), molecular function (MF) and cellular component (CC) (Table II) . In particular, upregulated DEGs were significantly enriched in BP, including 'mitotic cell cycle process', 'mitotic cell cycle', 'cell division', 'chromosome segregation' and 'multicellular organism catabolic process' (Table III) . The down-regulated DEGs were also significantly enriched in BP, including 'circulatory system development', 'cardiovascular system development', 'vasculature development', 'blood vessel development' and 'locomotion' (Table III) , respectively.
KEGG pathway analysis. KEGG pathway analysis was used to identify pathways for these DEGs. A total of 19 and 58 significantly enriched pathways for up-regulated and down-regulated genes, respectively, were identified. The most significantly enriched pathways associated with lung cancer were 'extracellular matrix (ECM)-receptor interaction', 'malaria', 'complement and coagulation cascades', 'focal adhesion', 'protein digestion and absorption', 'cell adhesion molecules', 'PI3K-Akt signaling pathway', 'Rap1 signaling pathway', 'tight junction' and 'p53 signaling pathway' (Fig. 3 and Table IV ). In addition, the enriched KEGG pathways also included the 'TLR signaling pathway'.
Construction of the PPI network and screening of modules.
Based on the predicted interac tions of identified DEGs, the PPI network was constructed to identify the most important proteins and biological modules that may serve crucial roles in the development of lung cancer. A total of 1,770 nodes and 10,667 edges were screened from the PPI network (Fig. 4) . Each gene was assigned a degree representing the number of neighboring nodes in the network and changes in the proteins/ genes. The top 10 hub nodes with the highest degrees in lung cancer were epidermal growth factor receptor (EGFR), Jun proto-oncogene activator protein (AP)-1 transcription factor subunit (JUN), Fos proto-oncogene AP-1 transcription factor subunit (FOS), interleukin 6 (IL6), MYC proto-oncogene basic helix-loop-helix protein 39 (MYC), matrix metalloproteinase 9 (MMP9), Cyclin dependent kinase 1 (CDK1), Cadherin 1 (CDH1), FYN proto-oncogene Src family tyrosine kinase (FYN) and fibroblast growth factor 2 (FGF2) ( Table V) . EGFR exhibited the highest node degree of 198 and the betweenness was 0.088. The high degree of these hub genes indicated that these proteins may serve crucial roles in maintaining the whole protein interaction network. In addition, to explore the significance of these DEGs, the top 3 significant modules were selected, and the functional annotation of the genes associated with the modules was analyzed ( Fig. 5 and Table VI ). The results demonstrated that these modules were associated with the chemokine signaling pathway (Fig. 5A ), cell cycle ( Fig. 5B ) and pathways in cancer (Fig. 5C ).
DEGs and pathway analysis of the TLR pathway.
Among all of the significantly enriched pathways for DEGs, the TLR signaling pathway was the focus of the present study due to its close association with cancer. There were 12 DEGs primarily involved in this pathway, including secreted phosphoprotein 1, IL6, mitogen-activated protein kinase kinase kinase 8, TLR8, FOS, chemokine ligand 4 (CCL4), TLR4, CCL5, JUN, phosphoinositide-3-kinase regulatory subunit 1, protein kinase 3 and mitogen-activated protein kinase 13 ( Fig. 6 and Table VII) . Using the available gene data of this signaling pathway, a network diagram was constructed including a series of receptors, signaling kinases, transcription factors and cytokines. These genes form a complete signaling pathway to serve an important regulatory role. These results suggested that the TLR pathway could be one of the significant pathways involved in cancer treatment, providing a target for drug development.
Discussion
Cancer is essentially a genetic disease, and many genetic alterations accumulate during the multistep process of carcinogenesis, which eventually leads to abnormal unrestrained cell growth and malignant phenotype (20) . Lung cancer is the most common primary pulmonary malignant tumor in terms of incidence and mortality (21) . The total number of lung cancer cases has become a major public health concern in China (rates are 40 per 100,000), and the situation in other parts of world, including Micronesia/Polynesia (rates are >76.5 per 100,000) and Eastern Europe (rates are >61.2 per 100,000) is even worse (3), which is mainly attributable to cigarette smoking (22) . Therefore, the early diagnosis and effective treatment of lung cancer is urgently required, which may be achieved via the identification of the DEGs between lung cancer and normal tissues, and by understanding the underlying molecular mechanism. Microarray and high throughput sequencing analysis can screen a large number of genes in the human genome for further functional analysis, and can be widely used to screen biomarkers for early diagnosis and specific therapeutic targets. Therefore, they may aid the diagnosis of lung cancer in the early stages and the development of targeted treatment, thus improving prognosis. Microarray studies possess great potential to provide novel insights into the pathogenesis of complex diseases (23) . The present study systematically applied integrated bioinformatics methods to identify new candidates that serve roles in the progression of lung cancer. The data extracted from the GEO dataset contained 31 pairs of lung cancer and normal samples. A total of 534 up-regulated and 1,436 down-regulated DEGs in cancerous tissues, when compared with normal samples, were identified using bioinformatics analysis, indicating that the occurrence and development of cancer is closely associated with genetic mutations (24) . Then, GO and KEGG pathway analyses were used to investigate the interactions of these DEGs. Finally a PPI network identified specific key genes. The results of the present study may provide potential biomarkers for the diagnosis of lung cancer. For example, it was identified that advanced glycosylation end-product specific receptor (AGER), with a 42-fold decrease in patients with lung cancer, was the most differentially expressed gene in DEG analysis. AGER belongs to the immunoglobulin superfamily and is an oncogenic transmembrane receptor up-regulated in various types of human cancers, including squamous cervical cancer (25) and pancreatic tumor (26) . However, it has an inhibitory effect on lung cancer development (27) . In patients with lung adenocarcinoma, AGER polymorphisms are associated with disease susceptibility and prognosis, and can predict survival (28, 29) . Therefore, AGER may be effective as a potential marker for lung cancer, however, further studies are required. GO analysis is helpful for annotating genes and gene products. GO analysis in the present study demonstrated that up-regulated DEGs were mainly involved in the cell cycle and material metabolism, including 'mitotic cell cycle', 'cell division' and 'multicellular organism catabolic' processes, which mainly refer to cellular processes. However, the down-regulated DEGs were mainly involved in organ systems, including the circulatory system, cardiovascular system and vasculature development, all of which are associated with systemic processes. This is consistent with the knowledge that the defective functioning of cell biological processes (30) and the state of the body system status are important causes of tumor development and progression. Also it indicated that cellular activity was enhanced and system function was weakened. Therefore, monitoring the expression of these DEGs may aid the discovery of mechanisms for tumorigenesis and tumor progression. It is known that signal transduction in cancer cells differs substantially from normal cells (31) . The KEGG pathway database contains information on systematic analysis of gene functions, linking genomics with functional information. Enrichment analysis identified important KEGG pathways associated with lung cancer, including 'ECM-receptor interaction', 'malaria', 'complement and coagulation cascades', 'focal adhesion', and 'protein digestion and absorption'. Pathway disturbance in 'ECM-receptor interaction', 'complement and coagulation cascades' and 'adhesive attraction' (32-34) have been highly noted in lung cancer. The present study identified that the ECM-tumor cell interactions may activate intracellular signaling pathways, which is responsible for tumor cell invasion and metastasis (35, 36) . The present study focused on the TLR pathway among the enriched pathways that are expressed in a wide variety of cancer cells and immune cells (37) . This pathway is centrally involved in the initiation of innate immunity and induction of adaptive immune responses (38) , which is useful for maintaining organism integrity and is markedly involved in cancer progression, development and defense (39) . However, the activation of TLRs in tumor cells induces the synthesis of pro-inflammatory factors and immunosuppressive molecules, which can enhance the resistance of tumor cells to cytotoxic lymphocyte attack and lead to immune evasion (40) . Cancer cells can avoid immune surveillance as TLRs trigger cells to release a number of biological factors, including IL6, vascular endothelial growth factor and MMP (41) . Notably, these factors were included in the DEGs between lung cancer tissues and normal tissues. Therefore, it was suggested that targeting tumor TLR signaling pathways may provide promising therapeutic methods (40) .
A PPI network was constructed with DEGs, which revealed that the top 10 hub genes with highest degrees were EGFR, JUN, FOS, IL6, MYC, MMP9, CDK1, CDH1, FYN and FGF2. EGFR was at the core of the PPI network and exhibited the highest degree with a connectivity of 198, suggesting a role for EGFR as a potential marker for lung cancer. EGFR is a transmembrane receptor tyrosine kinase and is frequently observed in lung cancer patients with poor differentiation Figure 6 . Gene network associated with Toll-like receptor pathways. Red and green dots represent up-and downregulated differentially expressed genes, respectively. Grey diamonds marked with yellow stars represent the associated genes, which were added by the system. The dot size represents the difference of one gene between lung cancer tissues and normal tissues.
and poor prognosis (42) . It can lead to signal transduction including cell differentiation, proliferation and apoptosis through phosphorylating other proteins, and has been reported to be overexpressed in patients with NSCLC (43) . Activating mutations in the EGFR gene are considered to be favorable prognostic markers (44) and have become a novel personalized treatment target for patients with NSCLC (45) . However, the role of EGFR as a marker of lung cancer diagnosis and treatment is unclear and requires further investigation. JUN and FOS are the predominant components of AP-1, which serves a critical role in the transcriptional regulation of genes involved in cell survival, proliferation, migration and transformation (46) . These two proteins are overexpressed in the development of various carcinomas, including pulmonary malignancies (47) . The IL6 gene is co-expressed with a number of oncogenic genes, and IL6 is produced and secreted by immune and tumor cells (48) . It is involved in different physiologic and pathophysiologic processes such as promoting tumorigenesis and modifying various tumor behaviors, including apoptosis, migration, proliferation, angiogenesis and metabolism (49, 50) . Elevated levels of serum IL6 are associated with poor prognosis in the majority of malignancies (51) . The MYC gene is an oncogene with a high frequency of amplification in lung cancer (52) and its protein has important roles in cell proliferation and differentiation. It is closely associated with tumor occurrence, progression and prognosis in different types of tumors (53) . The other 5 hub genes also serve important roles in cell migration, proliferation, differentiation, apoptosis and cell cycle process (54) (55) (56) , affecting the development of cancer. MMP9 degrades and restores the ECM, and its overexpression not only promotes NSCLC metastasis directly but can also facilitate metastatic spread (57) . CDK1 is expressed in high levels in tumor tissues, and is associated with poor prognosis and shorter survival time in patients with NSCLC (58) . The CDH1 gene encodes a tumor suppressor protein and its mutation or deletion results in the promotion of cancer invasion and metastasis (55) in addition to poor prognosis (59) . FYN contributes to the progression of cancer by regulating cell cycle, differentiation, adhesion, motility and survival of cells (56) . FGF2 has been shown to be activated in lung cancer (60) and is involved in angiogenesis by initiating a signal transduction cascade that promotes cell proliferation, motility and angiogenesis (61) . Therefore, all the hub genes may possess key roles in lung cancer and could interact with each other. They may be used as potential effective candidates for early diagnosis or prognosis. The PPI module contained 1,770 nodes and 10,667 edges, and the top 3 modules extracted were 'chemokine signaling pathway', 'cell cycle' and 'pathways in cancer', all of which are associated with lung cancer. The chemokine signaling pathway contains a number of chemokine proteins, including chemokine (C-X-C motif) ligand (CXCL)-2, CXCL3 and CCL18, which are differentially expressed in lung cancer. As chemokine gradients direct cell migration towards the site of inflammation (62), they are key in immune system functioning, and are important for the removal of pathogens, inflammation, cell and organ development, wound repair, occurrence of tumors and metastasis, and transplantation immune rejection (63) (64) (65) . Cell cycle disorders and overgrowth of cells are common biological characteristics of tumors, leading to increased cell proliferation and decreased apoptosis (66) . It should be noted that the cell cycle is a tightly regulated process and is frequently aberrant in lung cancer (67) . The relevant inhibitors of the cell cycle have emerged as novel drugs for the treatment of lung cancer by suppressing the unrestricted cell division and growth of lung cancer cells (67) . Finally, pathways in cancer are of similar significance in cancer cell proliferation, apoptosis, metastasis, angiogenesis and survival.
However, there were still certain limitations in the present study. First, although a set number of genes were revealed to be potential markers for lung cancer, further experiments are still required to evaluate the roles of these genes as novel biomarkers. Secondly, the gene expression profile was composed of 93% adenocarcinomas and 7% squamous cancer, since there is great genetic heterogeneity between adenocarcinoma and squamous cancer. Furthermore, the variation trend of JUN, FOS, IL6, MYC and FGF2 in this study is inconsistent with that reported in previous studies (46, 47) ; this may be due to the limited numbers of chips. Therefore, further data for lung cancer are required to validate the results of the present 2.14546 study. Thirdly, due to the limitation of the dataset used, it was not possible to construct a miRNA-target gene regulatory network or transcription factor-target gene regulatory network. Finally, survival analysis could not be performed based on the data presented in the present study.
In conclusion, the present study provided a comprehensive bioinformatics analysis of DEGs in lung cancer. Analysis of these altered genes provided information regarding the molecular mechanisms of lung cancer and significant biomarkers or targets for the diagnosis and treatment of lung cancer. However, further molecular biological experiments are required to confirm the function of the DEGs and pathways in different types of lung cancer.
